A simple, efficient, facile and surface mediated method for synthesis of hydrazides of organophosphorous acids has been developed from their corresponding chloridates using calcium oxides as a solid support at room temperature. The developed method gave the desired hydrazides in excellent yields (75-92%) and avoids the use of column chromatography.
INTRODUCTION
The hydrazides of organophosphorous acids (HOPAs) are important class of organophosphorous compounds (OPCs) and due to their synthetic applications as well as biological properties and their utility as building block of natural products has drawn the attention of organic, bioorganic and medicinal chemists.
1 Extensive investigation have shown that these compounds exhibit fungicidal, acricidal, pesticidal, cytostatic, antibacterial, anti-microbial, anticonvulsant, anti-malarial, antituberculosis, antitumor activitiesand found useful ligands for transition metals. [2] [3] [4] [5] In literature there are several classical methods are reported for the synthesis of HOPAs. [6] [7] [8] [9] Among them the ToddAtherton reaction is the most prominent method in which dialkyl phosphites are treated with two moles of hydrazine and carbon tetrachloride under argon atmosphere. 9 Although this method is a straightforward, but it suffers from several drawbacks, such as use of solvent, inert atmosphere, stringent reaction conditions, tedious work up, long reaction time and average yield. Other reported methods also involve similar kinds of drawbacks and cause difficulty in the isolation of the pure products or not environmentally friendly due to formation of side products and use of solvent. 10 Modernly, there has been increasing accent on finding out low molecular weight recyclable environmentally safe materials or reagents.
11 In this context, surface mediated reactions under solventfree conditions at room temperature are one of the most encouraging alternatives and have recently attracted attention due to legislative enforcement. [12] [13] [14] There are several effects on a crystalline solid including heating, reduction of particle size, increase in surface area, generation of fresh surfaces, formation of defects, dislocations in crystal lattice, phase changes, mass transfer and save energy during grinding may have kinetic energy supplied by solid support. Due to wide utility of HOPAs and our interest to explore their synthetic potential, we have developed a new, efficient, and facile method for the synthesis of wide variety of HOPAs with divers structures bearing both P=S and P=O moiety.
RESULTS AND DISCUSSION
Inspired with efficiency and simplicity of solid support, we focused on screening of inorganic solids to examine the effect for the synthesis of HOPAs. Therefore initially we prepared intermediates (monochloridate) by earlier reported methods. 15 After having the intermediates in hand, we next performed various reactions of N,N-diethyl O-phenyl phosphoramidic chloride with hydrazine hydrate as model reaction in presence of different solid supports such as silica, sodium sulphate, anhydrous MgSO 4 , alumina neutral, alumina basic, CaCO 3 , Na 2 CO 3 , CaO, Na 2 CO 3 -celite, and CaOcelite at room temperature and other factor which governs the reaction were carefully investigated. All the reactions were monitored by TLC and 31 P NMR to find out the consumption of N,N-diethyl Ophenyl phosphoramidic chloride and formation of N,N-diethyl O-phenyl phosphoramidic hydrazide ( The results of the Table 1 showed that best results were obtained when reaction was carried out with 1: 1: 2 molar ratios of N,N-diethyl O-phenyl phosphoramidic chloride, hydrazine hydrate (99%) using CaO as a solid support (entry 16). However, it was also observed that sequence of chemical addition plays crucial role in formation of the desired product and it is notable that CaO should be mixed with hydrazine hydrate, followed by addition of N,N-diethyl O-phenyl phosphoramidic chloride at room temperature and reaction mixture needs to be grinded as per time given in Table- 1. The reverse addition of the chemical with solid support reduced the yield of the product, probably due to degradation of N,N-diethyl O-phenyl phosphoramidic chloride in corresponding acid. Further, it was also observed that by increasing the reaction time on CaO, there is no significant change in the yield of products. After conditions optimization, the general applicability of newly developed method was tested with a diversity of the structures of HOPAs and results of the reactions are summarized in Table 2 . The compounds (2a-o) were characterized by spectroscopic techniques such as FT-IR, NMR, and GC/MS. The results are given in experimental section. However, FT-IR analysis showed the characteristic frequency for P=O, P=S, P-O-C, P-N-C, NH and NH 2 linkage and were compared with literature values and found within the range. It is worth noting that the 31 P NMR signal of the monochloridate was disappeared with appearance of a new signal. After completion of reaction, the mixture was extracted with ether or dichloromethane to yield crude product with desirable purity without attempting crystallization and/or vacuum distillation (scheme-1).The recyclability of recovered CaO was checked four times in same reaction and found without loss of activity after washing the CaO with methanol and activating in an oven at 200 0 C. (2a-o) 
Table1. Conditions optimization for the synthesis of N,N-diethyl O-phenyl phosphoramidic hydrazide in

Table2: Synthesis of hydrazides of organophosphorous acids
EXPERIMENTAL
An Agilent GC model 7820A instrument was used with flame ionization detector (FID). A capillary column (30m x 0.25mm I.D-BP5) packed with 5% phenyl and 95% dimethyl polysiloxane (SGE) coated on fused silica was employed. The temperature of injection port and detector block were maintained at 280 0 C and 260 0 C respectively and the column oven was at programmed temperature profile started at 50 0 C, ramped up to 280 0 C at 25 0 C/min. Nitrogen was used as a carrier gas (at a flow rate of 30ml/min). Air for FID was supplied at 300ml/min and hydrogen at 30ml/min. In all analysis, 0.2l sample were injected and peaks recorded on computerized data acquisition station. The GC-MS analysis were performed in EI (70 eV) in full scan mode with an Agilent 6890 GC equipped with a model 5973 mass selective detector (Agilent Technologies, USA). An SGE BPX5 capillary column with 30 m length x 0.32 mm internal diameter x 0.25 m film thickness was used at temperature program of 80 o C (2 min) -20 0 C / min-280 0 C (3 min). Helium was used as the carrier gas at a constant flow rate of 1.2 ml/min. The samples were analyzed in splitless mode at injection temperature of 250 o C, EI source temperature 230 0 C and quadrupole analyzer at 150 o C. IR spectra were recorded on Bruker FT-IR spectrometer model alpha-T on KBr disk.
1 H and 31 P NMR spectra were recorded on Bruker DPX Avance FT-NMR in CDCl 3 using tetramethylsilane as an internal standard for 1 H and 85 % H 3 PO 4 as an external standard for 31 P NMR at 400 and 162 MHz respectively.
All reagents and TLC plates were obtained from commercial sources (Sigma/Aldrich). However, PCl 3 and POCl 3 , alcohols and amines were used after distillation. The purity of the products and progress of the reaction were monitored by thin layer chromatography (TLC) using commercial aluminumbacked silica gel sheets coated with silica gel 60 F254 .TLC spots were visualized under ultraviolet light or with iodine.Calcium oxide powder obtained from Himedia laboratories Pvt Limited and actvated by keeping in Isotemp vacuum oven model 281A for two hour at 200 0 c.
N,N-Diethyl O-Phenyl Phosphoramidic Hydrazide (2f)
In a typical experimental procedure, activated calcium oxide (1.12g, 0.01mol) was mixed with hydrazine hydrate 99% (0.16g, 0.005mol) in a mortar and pestle. It was grinded for 2 minutes at room temperature and then N,N-diethyl O-phenyl phosphoramidic chloride (1.18g, 0.005mol) was added slowly. The reaction mixture was grinded for15 minutes. The reaction was monitored by 31 P NMR after drawing few milligrams sample and extracted with diethyl ether. The results of ethereal solution analysis showed a signal appeared at δ 13.38 and signal of N,N-diethyl O-phenyl phosphoramidic chloride δ 11.32 disappeared. After completion of the reaction, the reaction mixture was extracted in diethyl ether and solid support was removed by filtration and the solvent was evaporated to afford pure N,N-diethyl O-phenyl phosphoramidic hydrazide (92%, 1.06g) which was characterized by IR, GC-MS, 1 H and 31 P NMR. 
